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Abstract 
The aim of this work was that pod as raw materials, study the effect of cellulase on extraction rate of soluble diet 
fiber(SDF) and insoluble diet fiber(IDF),and optimize the effects of the cellulase that included four sides: the time of 
cellulase action, the temperature of cellulase action, the pH of the cellulase and the rate of cellulase. As a result of the 
work maximum yield of SDF (6.72%) was obtained with the time of cellulase action of 72.83min, the temperature of 
cellulase action of 57.37ºC,the pH of the cellulase 8.4 and the rate of cellulase of 0.33%.On the other hand the 
maximum of IDF(66.51%) was obtained with the time of cellulase action of110.38min,the temperature of cellulase 
action of 65ºC,the pH of the cellulase 8.8 and the rate of cellulase of 0.55%. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [CEIS 2011] 
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1. Introduction 
With the development of social and economic and improvement of people's living standards, people's 
diet structure has changed greatly, diet becoming more and more meticulous resulting in increasing cereal 
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food fines,and a corresponding reduction in the proportion of dietary fiber intake, which leads to many 
adult diseases related to diet, such as incidence of heart disease, diabetes, constipation, colon disorders, 
obesity and gallstones. According to the U.S. medical scientists, Dennis, Burkitt in the study found that 
many adults' diseases due to the inadequate intake of dietary fiber [1]. 
Dietary fiber is not digested carbohydrates and lignin of polysaccharides can be divided into soluble 
dietary fiber(SDF)and insoluble dietary fiber(IDF).SDF are mainly storage and secretions of material 
within the plant cells. In addition to including some microbial polysaccharides and synthetic 
polysaccharide ,mainly composed of some plastic substances and sugar, while the main component of 
IDF are cellulose, hemicellulose, lignin, original pectin and chitosan[2]. 
Extract dietary fiber from different raw material are studied by us, not only have access to the different 
effects of dietary fiber, but also related to the production process to solve the waste produced, 
significantly increase the added value of agricultural products. At present, the raw material for the 
extraction of dietary fiber are more single(mainly okara and wheat bran)and most of the production are 
IDF which process is more mature, but the extraction process of SDF is relatively more complicated and 
higher cost[3]. 
In this study, pods as raw material that waste of production, are not only to reduce waste and improve 
their utilization, but also to have high quality SDF and IDF, So we can get high-quality dietary fiber. 
2. Methods 
2.1. Materials 
All trials were carried out using a single batch of pods obtained from Agricultural Sciences Academy 
of Hei Longjiang cultivated soybeans. Cellulase (activity 400U/mL, Japan company).Electronic balance, 
pH meter(pHS-25,Shanghai), muffle furnace(Tianjin), crude fiber analyzer(Shanghai), electric heated 
water bath, precision electric mixer, soxhlet extractor and blast oven heating temperature were used in 
this experiments. 
2.2. Components of pods(Dry matter) 
Dry matter was determined  after drying  at 105ºC for 24h.The main ingredient in pine kernel shows in 
Tab.1. 
Table 1.  Main components of pods  
Ingredient Protein Dietary fiber Moisture Mineral 
Content (%) 6.8 65.6 4.2 4.8 
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2.3. Procedures 
2.3.1 Remove the fat 
 Pods are cleaned, dried about 24 hours, smashed to ensure that the powder of pods can through the 
sieve of 40 meshes. Treatment with ether in order to remove fat, then cleaning again. 
2.3.2 Remove the protein and starch 
Putting the fat-free pods  into the water to dissolve, then adding to papain and amylase respectively to 
react 30min at 45ºC to remove the protein and  starch. Papain can decompose the macromolecules of 
polysaccharides. After that, using the cellulase to get the dietary fiber on different conditions. 
2.3.3 Separate SDF and IDF 
  After the enzyme by cellulase, standing, cooling and filtering the solution.The filtrate was centrifuged 
at 5000r/min in order to separate the SDF from skim and IDF from the cream. SDF was extracted by 98% 
ethanol and IDF was extracted after cleaning the cream by acetone and ethanol. 
2.4 Statistical analysis 
2.4.1 Single factor experiments 
 (1) The parameters of the effect of enzyme additive amount on SDF and IDF single-factor experiment 
are as follows: hydrolysis by cellulase temperature 50 ºC, hydrolysis by cellulase time 50min and pH 8. 
The selected enzyme additive amounts are 0.2%, 0.3%, 0.4%, 0.5%, 0.6%.  
(2) The parameters of the effect of temperature on SDF and IDF extraction single-factor experiment 
are as follows:  enzyme additive amount 0.4%, hydrolysis by cellulase time 50min and pH 9. The chosen 
reaction temperatures are 40 ºC, 45 ºC, 50 ºC, 55 ºC and 60 ºC.  
(3) The parameters of the effect of time on SDF and IDF extraction single-factor experiment are as 
follows:  hydrolysis by cellulase temperature 50 ºC, pH 9 and enzyme additive amount 0.4%. The chosen 
hydrolysis by cellulase times are50min, 70min, 90min, 110min, and 130min. 
(4) The parameters of the effect of pH on SDF and IDF extraction single-factor experiment are as 
follows: hydrolysis by cellulase temperature 50 ºC, hydrolysis by cellulase time 50min and enzyme 
additive amount 0.4%. The chosen pH is 6, 7, 8, 9 and 10. 
2.4.2 Response surface method analysis 
The range of level values of each factors were determined based on the single-factor experiments 
parameters. The response surface method was employed to analysis the effects of each factors on SDF 
and IDF extraction rate. Four factors (enzyme additive amount, hydrolysis by cellulase temperature, 
hydrolysis by cellulase time and pH) were selected as independent variable and total SDF and IDF rate 
was chosen as variable.  
3. Results and discussion
3.1 The analysis of single factor experiment 
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3.1.1 The effect of enzyme additive amount on SDF and IDF extraction rate 
Fig.1 shows that the IDF extraction rate is increased with the increasing additive amount of 
enzyme,while the SDF extraction rate is increased with the increasing additive amount of enzyme (under 
0.3%) and decreased with the increasing additive amount of enzyme(beyond 0.3%). The IDF extraction 
rate reaches its highest point when the additive amount of enzyme is 0.5%, while SDF extraction rate 
reaches its highest point when the additive amount of enzyme   is 0.3%. The reason of this trend is that 
the hydrolysis process is more adequate with the increasing of enzyme amount. The enzyme penetrates 
into the liposome membrane movement and the decomposition function of enzyme to lipopolysaccharide 
and lipoprotein of great benefit to the oil release [4]. The optimum enzyme additive amount is 0.4%. 
        
Fig.1 Effects of enzyme dosage on SDF and IDF extraction rate 
 3.1.2 The effect of hydrolysis temperature on oil extraction rate 
Fig.2 indicates that the SDF and IDF extraction rate is increased with the increasing temperature 
(under 60 ºC) and decreased with the increasing temperature (beyond 60 ºC). The reason is that the 
suitable temperature of enzyme is below 60 ºC and the higher temperature inactivate enzyme (beyond 60 
ºC). The suitable temperature is 60 ºC.  
Fig.2 Effects of hydrolysis temperature on SDF and IDF extraction rate 
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3.1.3 The effect of hydrolysis time on SDF and IDF extraction rate 
Fig. 3 shows that the SDF extraction rate increase when the hydrolysis time under 70min and 
decreased with the increasing hydrolysis time (beyond 70min) while  the IDF extraction rate increase 
when the hydrolysis time under 110min and decreased with the increasing hydrolysis time (beyond 
110min) which illustrates that the interaction between enzyme and substrate is totally complete. 
Therefore, the suitable hydrolysis time is 90min.  
Fig.3 Effects of hydrolysis time on SDF and IDF extraction rate 
3.1.4 The effect of pH on SDF and IDF extraction rate 
   Fig.4 shows that the SDF and IDF extraction rate is gradually increased with the increase of pH. The 
highest SDF and IDF extraction rate is reached when the pH is 8, and then the rate fell along with the 
decrease of pH. The main reason of this phenomenon is that the suitable pH of cellulase is 9. The enzyme 
is at its highest activity at pH 9 and more SDF and IDF extracted [5]. The suitable pH is 8. 
            
Fig.4 Effects of pH value on SDF and IDF extraction rate 
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3.2 Response surface analysis 
The range of each factor’s level is determined based on the data of single factor experiment. The 
response surface analysis method is employed to design and optimize the parameters in the experiment. 
The independent variables are as follows: enzyme additive amount (x1), hydrolysis temperature (x2), 
hydrolysis time (x3) and pH (x4). The response value is SDF and IDF extraction rate. Tab.2 is the level 
coding and Tab.3 is the design and result of this experiment.  
Table.2 Encode table of factors and levels 
Enzyme additive  
amount 
x1 (%) 
Hydrolysis 
temperature 
x2 (ºC) 
Hydrolysis  
time 
x3 (h) 
pH
x4 
0.2 45 50 6
0.3 50 70 7
0.4 55 90. 8
0.5 60 110 9
0.6 63 130 10 
Table.3 Design and results of response surface analysis 
Run pH
x1 
Hydrolysis  
time 
x2(min) 
Hydrolysis 
temperature 
x3(ºC) 
Enzyme additive  
amount 
x4 (%) 
Total SDF 
extraction rate 
y1(%)  
Total IDF 
extraction
rate 
y2(%)
1 6 90 55 0.6 6.18 61.21 
2 10 50 55 0.4 6.46 63.38 
3 8 130 55 0.2 6.52 63.46 
4 10 90 45 0.4 6.48 63.46 
5 8 90 55 0.4 6.63 65.53 
6 8 50 65 0.4 6.64 64.32 
7 8 90 55 0.4 6.66 65.59 
8 8 90 55 0.4 6.66 65.56 
9 8 130 55 0.6 6.48 65.38 
10 10 90 65 0.4 6.48 65.46 
11 8 90 65 0.2 6.64 63.98 
12 6 130 55 0.4 6.18 61.26 
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13 8 90 45 0.2 6.46 64.09 
14 8 50 55 0.6 6.62 64.21 
15 8 90 45 0.6 6.56 64.68 
16 8 50 45 0.4 6.58 63.56 
17 6 90 45 0.4 6.20 60.87 
18 8 90 55 0.4 6.78 65.87 
19 6 90 55 0.2 6.23 60.21 
20 8 90 65 0.6 6.52 65.68 
21 8 50 55 0.2 6.62 63.89 
22 10 130 55 0.4 6.22 64.56 
23 6 90 65 0.4 6.22 61.25 
24 6 50 55 0.4 6.24 60.12 
25 8 90 55 0.4 6.76 65.67 
26 10 90 55 0.2 6.46 64.21 
27 10 90 55 0.6 6.42 64.48 
28 8 130 65 0.4 6.45 65.49 
29 8 130 45 0.4 6.45 64.21 
The response surface regression model Eq.2 is established by Design Expert. 
y1=6.70+0.11x1-0.072x2+0.018x3-0.013x4-0.045x1x2-0.005x1x3+0,0025x1x4-0.015x2x3-0.01x2x4-0.055x3x4-
0.31x12-0.096x22-0.069x32-0.065x42
y2=65.64+0.11x1+1.72x2+0.41x3+0.44x4+0.01x1x2+0.4x1x3-0.18x1x4+0.13x2x3+0.4x2x4+0.28x3x4-
2.49x12-0.82x22-0.42x32-0.61x42                                                                                                                             (1)
                                                                                                                                                           
Tab.4(SDF) and Tab.5(IDF) shows the results of regression and variance analysis.Tab.6(SDF) and 
Tab.7(IDF) is the results of response surface optimization and Fig.5(SDF) and Fig.6(IDF) is the response 
surface analysis of significant effective interaction items.  
From Tab.4(SDF), the linear relationship between dependent variable and independent variables is 
significant, the regression model is significant (p <0.001), lack of fit is insignificant, R2= 95.55% and 
R2Adj=91.09%, which indicate that the model fits well with the experimental data and the model can be 
used to analysis and predict the results of enzymatic extraction of pods. Factor contribution rate obtained 
from the F-test are as follows: x1> x2 > x3> x4 (pH > Hydrolysis time > Hydrolysis temperature> 
Enzyme additive amount). 
From Tab.5(IDF), the linear relationship between dependent variable and independent variables is 
significant, the regression model is significant (p <0.001), lack of fit is insignificant, R2= 98.91% and 
R2Adj=97.82%, which indicate that the model fits well with the experimental data and the model can be 
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used to analysis and predict the results of enzymatic extraction of pods. Factor contribution rate obtained 
from the F-test are as follows: x1> x4 > x3> x2 (pH >Enzyme additive amount> Hydrolysis temperature> 
Hydrolysis time). 
Table.4 Results of regression and variance analysis.  
Various Degrees of 
freedom 
Sum of 
squares 
Mean square F Pr>F 
x1 1 0.13 0.13 47.71 0.0001 
x2 1 0.062 0.062 21.88 0.0004 
x3 1 0.004033 0.004033 1.43 0.2513 
x4 1 0.001875 0.001875 0.67 0.4283 
x12 1 0.61 0.61 217.49 0.0001 
x1×x2 1 0.0081 0.0081 2.88 0.1121 
x1×x3 1 0.0001 0.0001 0.035 0.8533 
x1×x4 1 0.000025 0.000025 0.008875 0.9263 
x22 1 0.060 0.060 21.26 0.0004 
x2×x3 1 0.0009 0.0009 0.32 0.5809 
x2×x4 1 0.0004 0.0004 0.14 0.7120 
x32 1 0.031 0.031 10.83 0.0054 
x3×x4 1 0.012 0.012 4.30 0.0572 
x42 1 0.027 0.027 9.68 0.0077 
Regression 14 0.039 0.002817 
Residual 4 0.018 0.00452 
Lack of fit 10 0.021 0.002136 0.47 0.8466 
Sum 28 0.89 
Table.5  (IDF) Results of regression and variance analysis.  
Various Degrees of 
freedom 
Sum of 
squares 
Mean square F Pr>F 
x1 1 35.47 35.47 527.09 0.0001 
x2 1 1.98 1.98 29.49 0.0001 
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Tab.6 (SDF) shows the optimum parameters obtained from response surface analysis. The optimum 
parameters are as follows: enzyme additive amount 0.33%, hydrolysis time 75min, hydrolysis 
temperature 60 ºC,  pH 8.4 and  total SDF extraction rate 6.7272±0.143. 
x3 1 2.35 2.35 34.92 0.0001 
x4 1 2.80 2.80 41.66 0.0001 
x12 1 40.19 40.19 597.24 0.0001 
x1×x2 1 0.0004 0.0004 0.005945 0.9396 
x1×x3 1 0.66 0.66 9.75 0.0075 
x1×x4 1 0.13 0.13 1.98 0.1812 
x22 1 4.34 4.34 64.48 0.0001 
x2×x3 1 0.068 0.068 1.00 0.3332 
x2×x4 1 0.64 0.64 9.51 0.0081 
x32 1 1.13 1.13 16.73 0.0001 
x3×x4 1 0.31 0.31 4.58 0.0505 
x42 1 2.44 2.44 36.20 0.0011 
Regression 14 0.94 0.067 
Residual 4 0.075 0.019 
Lack of fit 10 0.87 0.087 4.64 0.0761 
Sum 28 86.50 
Table.6 Optimum results of response surface  
Factor Actual value Order Total oil extraction rate 
x1 8.40 8 6.7272±0.143 
x2 72.83 75 
x3 57.37 60 
x4 0.33 0.35 
Tab.7 (IDF) shows the optimum parameters obtained from response surface analysis. The optimum 
parameters are as follows: enzyme additive amount 0.55%, hydrolysis time 110min, hydrolysis 
temperature 65 ºC,  pH 8.8 and total IDF extraction rate 66.5088±0.214. 
Table.7 (IDF) Optimum results of response surface  
Factor Actual value Order Total oil extraction rate 
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x1 8.8 9 66.5088±0.214 
x2 110.38 110 
x3 65 65 
x4 0.55 0.55 
Fig.5 Response surface analysis of significant effective interaction items of different hydrolysis parameters on extraction rate of 
pods of  SDF  
Fig.6 Response surface analysis of significant effective interaction items of different hydrolysis parameters on extraction rate of 
pods of IDF 
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3.3 Verification experiment 
Three parallel experiments were taken under the best conditions: enzyme additive amount 0.33%, 
hydrolysis time 75min, hydrolysis temperature 60 ºC and pH 8.4. The SDF average result of the three 
parallel experiments is 6.72% which indicates that the response value fits well with the regression predict 
value and the model can predict the actual condition of pods extraction. And enzyme additive amount 
0.55%, hydrolysis time 110min, hydrolysis temperature 65 ºC, pH 8.8. The IDF average result of the 
three parallel experiments is 66.52% which indicates that the response value fits well with the regression 
predict value and the model can predict the actual condition of pods extraction.  
3.4 UV absorption spectra of SDF 
Fig7 is the UV absorption spectra of SDF .It can be seen from the figure there is no characteristic 
absorption peak at 280nm can be judged not by the mixed protein samples extracted from other impurities. 
Fig 7 UV absorption spectra of SDF 
4. Conclusion 
In this paper, SDF and IDF fiber enzyme extraction rate obtained in the 0.33% enzyme dosage, 
reaction time was 72.83min, hydrolysis temperature is 57.37 ºC, pH 8.4, we can get the maximum amount 
of soluble dietary fiber 6.72 %; at 0.55% enzyme dosage, reaction time for the 110.38min, hydrolysis 
temperature is 65 ºC, pH 8.8, we can get the maximum amount of non water-soluble dietary fiber 66.51%. 
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